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© Punching device for thin plates and punching units used with punching device. 

@ A punching device is provided which includes a 
plurality of punching units arranged in a side-by-side 
fashion on a substantially horizontal working surface. 
The device includes a plurality of punches and dies 
of different shapes, and a moving assembly, for 
supporting a holder frame, which moves a workpiece 
along both X-and Y-axes on a working table. A 
control unit is provided for inputting punching posi- 
tions on the workpiece as well as the shape(s) of the 
holes to be punched, as well as for controlling op- 
eration of the moving assembly and punching units 
in response to inputted data, and for moving the 
punching positions, of the workpiece below the de- 
sired punching units to perform punching operations. 

^The punching units each comprises a substantially 
-shaped supporting member in which a piston is 
provided for moving a punch upwardly and down- 

ggwardly. The punch is provided in one arm of the =3 - 

0) shaped support member, with a corresponding die in 

_ a lower portion of the support member. 
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PUNCHING DEVICE FOR THIN PLATES AND PUNCHING UNITS USED WITH PUNCHING DEVICE 



BACKGROUND OF THE DISCLOSURE 



1 . Field of the Invention 



The present invention generally relates to a 
punching device for punching out pieces from thin 
plate material and to a punching unit in which the 
punching device is positioned. 



2. Discussion of Relevant Information 



Conventional punching devices used for punch- 
ing holes having round, rectangular or ovular 
shapes exist for making the holes in desired loca- 
tions in thin plate material, e.g., in circuit boards, 
flexible films, or metallic foil; in these devices, a 
plurality of punching units with punches are used to 
punch holes of desired shapes and are positioned 
immediately above each of the punching positions 
on a working surface on which the thin plate-like 
workpieces are respectively positioned* 

In order to punch thin plate material with such 
punching devices, the punches in each of the 
punching units are simultaneously moved down- 
wardly to effect a punching operation after respec- 
tive workpieces are mounted on the working sur- 
face, and, thereafter, holes of desired shapes are 
punched at desired positions on the workpiece. 

However, since punching devices as described 
above are formed such that each of the punching 
units is fixed immediately above the punching posi- 
tion of each workpiece. it is necessary to remove 
and replace each of the punching units with a new 
one in order to change the shape of the holes to be 
punched, or the punching position of the punching 
units, and thus a time loss caused by replacement 
of one punching unit would substantially decrease 
the overall working efficiency of the apparatus. 

Furthermore, since punches in the punching 
units used in these punching devices cannot be 
replaced within a short period of time, it has been 
necessary to effect complete replacement of the 
punching units themselves, even in situations in 
which only the punch itself needs to be replaced 
with a punch of different shape. 



SUMMARY OF THE INVENTION 



Accordingly, it is a general object of the 
5 present invention to provide a punching device 
which is capable of easily accommodating modi- 
fication of the shape(s) of the holes to be punched 
and/or changes in the punching position(s) of the 
respective punches. 
w Another object of the present invention is to 
provide an apparatus in which a punch installed in 
a punching unit is capable of being easily replaced. 

In order to resolve the above-noted technical 
problems in previous constructions, the present 
15 invention provides a plurality of punching units 
which are arranged in a side-by-side fashion on a 
working table with punches and dies of different 
shapes being installed thereon. The apparatus fur- 
ther comprises a moving system for supporting at 
20 least one holder frame which holds a thin plate-like 
workpiece, which system moves the holder frames 
along both X-axis and Y-axis directions on a work- 
ing table, and a control assembly for inputting data 
relating to the desired punching positions of the 
25 workpiece and the shape of the punches, for con- 
trolling operation of the moving system and the 
punching units in response to the data inputted, 
and for moving the workpiece into a punching 
position which is just below the location of a given 
30 punching unit. 

A second portion of the present invention re- 
solves some of the above-noted technical problems 
by using a lifting mechanism with a lifting piston 
which is movably arranged on the upper side of a 
35 substantially 3 -shaped supporting member or rod. 
Further, a punch which is fitted within a fixing hole 
at one end of the upper portion of the supporting 
member is positioned such that the punch can be 
lifted or pulled, so that a lifting piston will be 
40 removably connected to a rear (i.e., upper) end of 
the punch, and so that a die which corresponds to 
the punch will be removably attached to the lower 
side portion of the supporting member. 

In accordance with a first feature of the present 
45 invention, a control unit can be used to control 

operation of all of the moving mechanisms and * 
each of the punching units in response to one or 
more inputted punching positions and the shape or 
shapes of the punches or holes to be made, 
so The moving mechanisms can, under the con- 

trol of the noted control unit, sequentially move the 
position of the workpiece which is to be punched 
into locations which as just below a punching unit 
to which a punch of desired shape is attached, 
while the holder frame which holds the workpiece 



2 



3 



0 287 986 



4 



is moved rearwardly (or otherwise) along the work- 
ing table surface in an X-axis direction and in a Y- 
axis direction. A selected punching unit can then 
lower a punch of a desired configuration when the 
punching position of the workpiece is moved just 
below such punch in order to punch a hole in a 
plate or workpiece at a desired punching position. 

In accordance with a second feature of the 
present invention, as, the lifting piston descends, a 
punch connected to the lifting piston will also de- 
scend while it is supported within a fixing hole in 
the support member in order to punch out the 
portion of the workpiece which is mounted on the 
die with an edge of the punch. Thereafter, the 
lifting piston will be lifted and the punch will also 
be lifted 

After being released from its connection with 
the lifting piston, the punch may be pulled upwar- 
dly within the fixing hole when the lifting mecha- 
nism is moved rearwardly along the upper side of 
the support; and, additionally, the punch can be 
installed by movement in an opposite direction. 

The die is removably supported with respect to 
the lower side of the supporting frame 

Because of this construction, apparatus in ac- 
cordance with the present invention has the effects 
noted directly hereinafter. It is possible to instanta- 
neously effect successive punching operations, 
even when , the work to be punched, has different 
punching positions or different settings of holes to 
be carried out. This is achieved by inputting data 
relating to the punching positions and the shape(s) 
of the punches in a plurality of punching operations 
via a control system. It is thereby possible to 
eliminate the labor and time loss which are in- 
volved in replacing the work in punching units 
which are required in prior art punching devices. 

Additionally, since holes having the same 
shape to be punched in the workpiece are to be 
punched sequentially with one punching unit, mere- 
ly individually setting the punching units so as to 
provide punches of desired shape(s) permits all of 
the desired punching operations to be performed, 
thereby minimizing the number of punching units 
which are needed 

Since the second feature of the invention pro- 
vides a construction in which punches and dies are 
arranged so that they can be easily removed, via a 
simple operation, replacement of both the punches 
and dies can be effected in a relatively short period 
of time, and repair and maintenance work can be 
freely and easily performed as well. 

In a first aspect, the present invention provides 
a device for punching a thin plate-like workpiece. 
the device comprising a plurality of punching units 
arranged in a side-by-side fashion on a working 
table, with each of the punching units having a 
punch and a die of a predetermined shape. The 



device further comprises a moving assembly for 
movably supporting at least one frame which is 
adapted to hold the thin plate-like workpiece, with 
the moving assembly comprising means for mov- 

5 ing the holder frame in both X-axis and Y-axis 
directions along a surface of the working table. The 
device further comprises a control unit for inputting 
a punching position and punching shape data, and 
for controlling operation of the moving assemblies 

to and the punching units in response to the data, the 
control unit further comprising means for moving a 
workpiece into desired punching positions below 
the punching units. 

In another aspect, the present invention pro- 

rs vides a punching unit which is adapted for use in a 
punching device having a lifting assembly. The 
lifting assembly includes a movably positioned lift- 
ing piston attached to one side of a substantially =3 
-shaped supporting member, with the supporting 

20 member further comprising at least one attaching 
hole and a punch detachably fitted within each of 
the attaching holes. The unit further comprises 
means for lifting and lowering the punch, the punch 
including a front end and a rear end, the rear 

25 punch end being detachably connected to the lift- 
ing piston, the punching unit further comprising a 
die corresponding to each one of the punches, 
each of the dies being detachably positioned within 
a lower portion of the supporting member. 

30 In another aspect of the present case, a punch- 
ing device for punching at least one hole in a thin, 
substantially flat workpiece is provided. The punch- 
ing device comprises a substantially horizontal 
working table upon which a workpiece to be 

35 punched is adapted to be movably positioned; at 
least one holder frame for movably holding the 
workpiece on an upper surface of the table; a 
moving assembly for moving each holder frame in 
both an X-axis direction and a Y-axis direction 

40 along an upper surface of the table; at least one 
punching unit for punching holes in the workpiece, 
each punching unit comprising a punch and a die; 
and a control unit for inputting data representative 
of desired punching locations on the workpiece and 

45 of the shape of each punch to be made, the control 
unit comprising means for controlling the operation 
of the moving assembly and of the punching unit in 
response to any data which is inputted. 

The control unit further comprises means for 

so controlling movement of the assembly to position 
the workpiece at a plurality of predetermined posi- 
tions which are to be punched, each punching unit 
comprising means for punching the workpiece at 
each of the predetermined positions. 

55 The working table is substantially flat, and is 

positioned in a horizontal fashion on a base table. 
The punching device includes a plurality of adja- 
cent punching units aligned on the working table, 
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each of the punching units having a punch and a 
die of a predetermined shape, wherein the punches 
of each of the punching units have different 
shapes. 

Each of the punching units comprises a gen- 5 
eraiiy 

-shaped supporting member having an upper 
portion and a lower portion, with a punch being 
positioned in the upper portion of each of the 
supporting members and a die being positioned in 10 
the lower portion of each of the supporting mem- 
bers. The punches in the punching units are 
aligned in a substantially linear fashion. 

Each of the holder frames has a window, 
wherein the workpiece, when positioned in the 75 
holder frame, is visible through the window; and 
each holder frame includes at least one clamp for 
detachably retaining a workpiece within the frame. 

The moving assembly comprises a lateral feed- 
ing mechanism for moving each of the frames in a 20 
substantially X-axis direction along the upper table 
surface and a longitudinal feeding mechanism for 
supporting the lateral feeding mechanism and for 
moving the lateral feeding ' mechanism in a sub- 
stantially Y-axis direction along the upper table 25 
surface. The lateral feeding table includes a thread- 
ed rotatable screw which is driven by a first motor, 
the screw being positioned within a threaded ap- 
erture in a clamping member which engages the 
frame; and the longitudinal feeding mechanism 30 
comprises a threaded screw which is driven by a 
second motor, and a plurality of clamps which 
engage an outer surface of the lateral feeding 
mechanism. 

Both of the motors can be controlled by the as 
control unit, with the control unit preferably com- 
prising a microprocessor. The punching device fur- 
ther comprises a microscope aligned with, and 
offset from, each the punching unit, the microscope 
comprising means for determining positions on the 40 
workpiece which are to be punched. 

In yet another aspect of the present invention, 
a method of punching a plurality of holes in desired 
positions on a workpiece is provided, with each of 
the holes having a desired shape. The method 45 
comprises inputting data into a control unit, the 
data relating to a plurality of desired positions at 
which the holes are to be punched, and the shapes 
of the holes to be punched; sequentially moving 
the workpiece to the plurality of desired workpiece so 
positions; and punching a hole, at each of the 
desired workpiece positions, such that each said 
hole will have a shape which has been input into 
the control unit. 

The punching positions to be input are deter- 55 
mined by moving the workpiece along both X-axis 
and Y-axis directions of a horizontal surface, and 
by causing each of the plurality of desired punch- 



ing positions to be inputted into the control unit 
when each of the punching positions is sequentially 
aligned with a viewing instrument. Each of the 
punching positions is sequentially aligned with a 
center of a microscope; and the method further 
comprises precisely positioning the workpiece with- 
in a moveable holder frame. The holes are 
punched by sequentially moving the workpiece to 
desired punching positions, and by punching a 
shaped-hole with a shaped punch at each of the 
positions. 

In a further aspect of the present invention, a 
punching unit is adapted to be used with a punch- 
ing device for punching a plurality of holes of 
predetermined shapes in a workpiece. The punch- 
ing unit comprises a generally =1 -shaped support 
member having an upper surface and a lower sur- 
face; a lifting assembly detachably positioned on 
the upper surface of the support member; a punch 
of a predetermined shape movably positioned with- 
in an attachment hole in an upper portion of the 
support member, the punch having a front end and 
a rear end; means for detachably connecting the 
rear end of the punch to the lifting assembly; and a 
die having a shape complementary to the punch 
shape, the die being removably positioned within a 
lower portion of the support member. 

The support member comprises a steel plate 
having a predetermined thickness, and the punch- 
ing unit further comprises a dovetail-shaped fasten- 
ing member positioned on an upper surface of the 
support member, the fastening member being fitted 
within a groove on a lower surface of the lifting 
assembly. 

The supporting member further comprising a 
substantially longitudinal bore, the punching unit 
further comprising a cam shaft fitted within the 
longitudinal bore and a locking element movably 
positioned in the bore, the locking element being 
moveable into a locked position in which it pro- 
trudes through an opening in the fastening member 
and extends into the groove. 

The punch lifting assembly includes a punch 
lifting piston assembly which is connected to the 
upper surface of the support member and which 
comprises means for raising and lowering the 
punch within the attachment hole. The lifting piston 
assembly comprises a lifting piston, a lowering 
piston, and a shaft connecting the two pistons, 
each of the pistons being fitted into a separate 
cylinder. The unit further comprises means for se- 
lectively supplying compressed air to, and remov- 
ing compressed air from, the cylinders. 

The attachment hole has a substantially cylin- 
drical bearing fitted therein, wherein the punch is 
fitted within the bearing such that a predetermined 
clearance is located between the punch and the 
bearing. The punching unit further comprises 
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means for supplying compressed air to the clear- 
ance 

The punching unit further comprises a connec- 
tor plate attached to the rear end of the punch, and 
a guide shaft positioned in a bore in the support, 
the guide shaft having one end engaged by the 
connector plate, the connector plate thereby com- 
prising means for maintaining the punch and the 
guide shaft in a substantially horizontally spaced 
position. A locking mechanism is provided for 
maintaining the die within a bore in the lower 
portion of the support member; and the locking 
mechanism comprises two arm plates pivotably 
supported by a support shaft which detachably 
supports the die, with each of the arm plates hav- 
ing a first end which is adapted to engage a 
rotatable cam shaft. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and ad- 
vantages of the present invention will now be 
hereinafter described with respect to the accom- 
panying drawings in which like reference numerals 
represent similar parts throughout the several 
views, and wherein: 

Fig. 1 is a top plan view of a punching 
device formed in accordance with the present in- 
vention; 

Fig. 2 is a front elevational view of the 
punching device of Fig. 1; 

Fig. 3 is a side elevational view of the 
punching device of Fig. 1; 

Fig. 4 is a top plan view illustrating the 
working table of the punching device, with a portion 
partially cut or broken away; 

Fig. 5 is a longitudinal cross-sectional view 
illustrating a punching unit in more detail; 

Fig. 6 is a top plan view illustrating a circuit 
board to be punched; 

Fig. 7 is a perspective view illustrating a 
punching unit which can be used in the punching 
device of the present invention; 

Fig. 8 is a longitudinal cross-sectional view 
illustrating the punching unit of Fig. 7; 

Figs. 9 and 10 are sectional views taken 
along line IX-IX of Fig. 8. with Fig. 10 showing both 
locked (solid) and open (dashed) positions, and 
Fig. 9 illustrating an unlocked position of the ap- 
paratus: 

Fig. 11 is a longitudinal cross-sectional view 
illustrating the upper half portion of a supporting 
member in a position in which its lifting mechanism 
has been retracted: and 

Fig. 12 is a perspective view illustrating a 
punch and die used in the apparatus of Fig. 7. 



DETAILED DESCRIPTION OF THE DRAWINGS 



Referring now more specifically to the draw- 

5 ings, one preferred embodiment of each of the first 
and second main portions of the present inventions 
herein will be described in greater detail than 
above. As shown in Figs. 1-3, a punching device A 
is illustrated in which the first portion of the present 

;o invention is applied. In this apparatus, a plurality of 
holes c, which can either be round, rectangular, or 
ovular, are to be punched in a plurality of desired 
positions in thin plate-like material, e.g., circuit 
board C, a flexible film or a metallic foil, as illus- 

15 * trated in Fig. 6. 

Punching device A comprises a plurality of 
punching units BrB6, as seen in Figs. 1 and 2, 
which are arranged in a side-by-side fashion on a 
working table 1. The device further comprises a 

20 plurality of moving mechanisms or assemblies 3 for 
supporting one or more holder frames 2 which 
retain a workpiece, e.g., a flat, thin circuit board C. 
and for moving the holder frames on the working 
table 1 along both X-axis and Y-axis directions. The 

25 device further comprises a control assembly 4 for 
controlling operation of. each of the moving mecha- 
nisms 3 and each of punching units Bt through B 6 
The control unit or assembly 4 can take a variety of 
forms, e.g., a CPU in the form of a microprocessor. 

30 Each of the component elements, with the ex- 

ception of control unit 4, is mounted on a base 
table 5, with a working table 1 fixedly positioned on 
base table 5. Additionally punching units Bi-Bs, 
formed in accordance with a second portion of the 

35 invention, as described hereinafter, are fixed. 

As illustrated in Fig. 5, punching units Bi-Bs 
are provided at the upper and lower ends of a =3 - 
shaped support rod or element 6, in the form of 
punches b and dies b'. The punch and die in each 

40 punch and die pair have shapes which are conv 
plementary to each other, such that each one of 
punches b is lowered by lifting piston assembly 7 
in order to punch holes c having the same configu- 
ration as each of punches b in a circuit board C 

45 which is held between punches b and dies b . Each 
of punching units B1-B6 is positioned in an over- 
lapped or abutting relationship with an adjacent 
punching unit, in a side-by-side fashion, with axial 
cores of punches bi-be being installed within the 

50 units such that they are arranged in a row, along 
the X-axis direction, over a central portion of work- 
piece table 1 . . 

Circuit board C, which is to be punched by 
punching units B1 through B*. is mounted on hoid- 

55 er frame 2, having a window therein, so as to cover 
an opening 2a in frame 2; the board is held on 
holder frame 2 by having its circumference held by 
claws or grips 2b. 
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Holder frame 2 is, in turn, clamped by clamp 8 
of moving mechanism 3, and is supported horizon- 
tally on working table 1. Moving mechanism 3 
comprises a lateral feeding table or mechanism 3a 
for feeding or moving clamp 8 along an X-axis 
direction and a vertical feeding table or mechanism 
(3b) for supporting the lateral feeding table 3a and 
for feeding/moving the lateral table in a generally 
Y-axis direction. 

Lateral feeding table 3a supports clamp 8 
along a main body 9 of the table, and is moveable 
along an X-axis direction in such a way that it can 
be slid, and so that a threaded member 8a which is 
positioned on a rear surface of clamp 8 will be 
threadably fitted onto an X-axis thread 10 which is 
rotatably supported within main table body 9. The 
X-axis thread 10 can thereafter be rotated in both 
normal/forward and reverse directions by an X-axis 
motor 11 which is attached to one end of main 
table body 9. 

Vertical feeding table 3b is provided with slide 
plates 12. 12 which are mounted on base plate 5 
and which are supported in such a way that they 
can be slid along the Y-axis direction of the ap- 
paratus. Lateral feeding table 3a is supported by 
both slide plates 12, 12, and at the same time, Y- 
axis threaded member 14, supported within base 
plate 5. is threadably engaged within a threaded 
hole 13 formed at the central portion of the lateral 
feeding table 3a. along the Y-axis, in order to 
extend through the hole 13. The Y-axis threaded 
member is rotatably supported in both 
normal/forward and reverse directions by a Y-axis 
motor 15 which is attached to base table 5. Both 
motors 11 and 15 are controlled by control unit 4. 

In this manner, holding frame 2, which holds 
circuit board C, will slide clamp 8, which clamps 
holder frame 2, along an X-axis direction of a main 
table body 9, under the rotation of X-axis motor. 
Further, main table body 9 can be moved in a Y- 
axis direction by Y-axis motor 15. In this fashion, 
the holding frame, and board C, can be moved 
along working table 1 in both X-axis and Y-axis 
directions. 

Each of the above-noted punching units Bi-Bs, 
X-axis motor 11, and Y-axis motor 15 of moving 
assembly 3 is cooperatively connected to control 
unit 4. 

Control unit 4 can control the operation of each 
of punching units Bi-B 5 , as well as starting and 
stoppage of each of X-axis motor 11 and Y-axis 
motor 15 for moving assemblies 3, in response to 
data relating to the inputted punching position and 
hole shapes of the punches bi-b6. The data repre- 
senting the punching positions are obtained, e.g., 
by a microscope 16 which is installed in a position 
along an extended line of the punches bi-bg which 
are arranged side-by-side along working table 1, 



which position is offset along the X-axis direction of 
table 1. 

In order to input the punching position(s) and 
the shape(s) of the hole(s) to be punched, circuit 
5 board C is moved along the X-axis direction and 
the Y-axis direction in order to cause each of the 
punching positions of circuit board C to be inputted 
while it is aligned, in sequence, with a center of the 
offset microscope 16. Simultaneously, the punched 
10 shape of the holes to be made at each of such 
punching positions is also selected, i.e., each of 
punching units Bi-Be, which are provided with re- 
spective punches bi-b 6 for punching out the holes, 
are selected to perform successive punching oper- 
is ations of various shapes. 

Control unit 4 will have previously stored a 
program for use in calculating the distance of 
movement which is required, along both the X and 
Y axes, for sequentially moving the board C so that 
20 each of the punching positions inputted at the 
center of microscope 16. as described above, will 
be moved to the locations immediately below 
punches bi-bs. in order to have the punches form 
punched holes having desired shapes. Desired 
25 punching positions on the board are obtained se- 
quentially, by moving the circuit board or other 
workpiece into a position just below the desired 
punches bi-bc, in response to the calculations 
made as noted above; thereafter, punching units > 
30 Bi-Be, which are provided with punches bt-bs. are 
operated, i.e.. when the respective punching posi- 
tions are reached immediately below desired 
punches bi-bs. 

Control unit 4 also stores data, in advance. 
35 which relates to punching positions and punched 
hole shapes for a plurality of different types of 
. known circuit boards C which are to be punched. In 
this fashion, a program for a circuit board C to be 
targeted can be selected to perform punching op- 
40 erations in accordance with the program. 

Thereafter, inputting of punching positions and 
the shapes of punches bi-bs, and the action of 
each of the punching units during punching oper- 
ations occurs as will be described with respect to 
45 the example of circuit board C which is illustrated 
in Fig. 6. 

Initially, after circuit board C is accurately in- 
stalled on holder frame 2, moving mechanisms 3 
are manually operated (through appropriate manual 

so controls which are not illustrated) in order to move 
punched positions (a-1) of indicated round holes d 
below the offset microscope 16, while circuit board 
C is being slid along working table 1 in both the X- 
and Y-axis directions, as illustrated in Fig. 4. There- 

55 after, the moving mechanisms will be finely moved 
while observing through the offset microscope 16. 
with punched hole position a-1 being accurately 
aligned with the center of microscope 16. In this 
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condition, the punched hole position a-1 is inputted 
into control unit 4. 

After punched hole positions a-2 through a-3 
are then inputted to unit 4 in the same manner as 
punched hole position a-1, punching unit Bi. pro- 
vided with punch bt for round hole d, is inputted as 
the punching unit for punching a plurality of round 
holes d. Thereafter, each of punched hole positions 
a-2 and a-3, for small round holes e and rectangu- 
lar holes f, and punching units B2 and B3 for 
punching holes a-2 and a-3, will similarly be input- 
ted. 

In order to effect a punching operation, circuit 
board C, before performing a punching operation, 
will be installed within holder frame 2. Thereafter, a 
program having the above-noted data inputted 
therein will be initiated by control member 4. 

In this fashion, for this example, moving 
mechanisms 3 will be controlled by control unit 4 in 
order to slide circuit board C along working table 1 
by a desired distance in both the X-and Y-axis 
directions, in order to move punched hole position 
a-1 to a location immediately below round hole 
punch bi of punching unit B1 . Immediately there- 
after, control unit 4 will operate lifting piston 7 of 
punching unit Bi and lower round hole punch bi. 
As this round hole punch is lowered, punched hole 
position a-1 of circuit board C. which is positioned 
on die b t, will be punched out by round hole 
punch bi. 

Subsequently, each of the punched hole posi- 
tions a-1 will be moved sequentially into a location 
just below the above-noted round hole punch bi, 
while circuit board C is slid so as to punch a 
plurality of round holes d with this punch. 

Thereafter, each punched hole position a-2 is 
moved to a location just below small hole punch b2 
of punching unit B2, while circuit board C is being 
slid in a desired direction in order to punch a first 
small round hole e; thereafter, punching hole posi- 
tions a-3 are moved to a location just below rectan- 
gular hole punch b3 of punching unit B3 in order to 
punch a rectangular hole f, and thereafter all of the 
operating steps are completed. 

Subsequent to these operations on circuit 
board C, in situations in which another punching 
operation is to be effected for another circuit board, 
the program for such additional circuit board is 
subsequently inputted into the control unit 4, and is 
called up as described above. Thereafter, a punch- 
ing operation is effected in accordance with the 
additional program. 

In order to move the punching hole position of 
the circuit board into a position just below the 
desired punches, both X-axis motor 1 1 and Y-axis 
motor 1 5 can be operated simultaneously to cause 
the desired punching hole position to be slid ob- 
liquely, i.e., the frame 8 and retained circuit board 



will move at an angle. Further, the motors can be 
moved linearly with respect to the punching opera- 
tion or moved while the punching hole position is 
being separately slid along the X-and Y-axis direc- 
5 tions. 

The punching unit B, forming a second portion 
of the present invention, and which is used in 
punching device A, will now be described with 
specific reference to Figs. 7-12. 

10 Punching unit B, as shown in Fig. 8, includes a 
lifting mechanism g provided with a lifting piston 7 
at the upper side of a substantially =1 -shaped 
supporting member 6; simultaneously, a punch (b), 
which is to be raised or lowered by lifting piston 7, 

15 is fitted within fitting hole 17 in the upper side 
section or portion of the supporting member 6; and 
(female) die b\ which corresponds in shape to the 
extreme (lower) end of punch b, is fixed to the 
lower section of supporting member 6. 

20 Supporting member 6 comprises a steel plate 
of a desired thickness which is formed into a 
substantially 

-configuration, and has a dovetail-shaped portion 
18, with lifting mechanism g fitted on the dovetailed 

25 portion. The mechanism g includes a lower recess 
or grooved portion 29 (see Figure 12) which can be 
slidably mounted on member 18. 

Punch (b) is pushed through (i.e.. punched) the 
upper surface of support member 6 in such a way 

30 that it can be moved through the insertion fixing 
hole 17 and insertion hole 20, for inserting holder 
19 for die b , is formed at a location immediately 
below fixing hole 17 on the lower portion of sup- 
porting rod 6 so that the die will receive the punch. 

35 A generally T-configured groove 21 is formed 

along the lower (under), side of supporting member 
6; and groove 21 is fitted to a fixing rail 22 having a 
T-shaped section which is arranged on base table 
5 of punching hole device A in order to cause 

40 supporting rod 6 to be detachably fixed, in a de- 
sired position, on base table 5. In this manner, 
assembly 7 can be removed from member 6 when 
desired- 

A longitudinal hole or bore 23 is formed in 
45 member 6 at a location just below dovetail-shaped 
portion 18 of supporting member 6; and a cam 
shaft 24 is fitted into longitudinal hole 23. Simulta- 
neously, a locking piece 26 is inserted into an 
opening 25 on the upper surface of the dovetailed 
50 portion 1 8, and is mounted on a cam portion 24a of 
cam shaft 24, as illustrated in Fig. 9. Further, as 
illustrated in Fig. 1 1 . cam shaft 24 can be rotated 
by a tool (i) such that locking piece 26 will be 
pushed upwardly with cam portion 24a, and there- 
55 after will project upwardly from opening 25 on the 
upper surface of dovetail 18. This will lock the 
assembly g on member 6, as shown in Fig. 10. 
Lifting mechanism g, which is to be mounted 
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along the upper side of supporting member 6, is 
constructed by positioning lifting piston 7 into main 
body 27 of the lifting mechanism. A dovetail- 
shaped groove 29 is formed at the bottom surface 
of main body 27, with the groove being fitted within 
dovetail portion 18 along the upper side of the 
noted supporting rod 6. In this fashion, main body 
21 can be slidably moved from a desired, fixed 
position rearwardly, or from a rearward position to 
the fixed position. When main body 27 of the lifting 
mechanism is positioned at its fixed position, cam 
shaft 24 will be rotated in order to force locking 
piece 26 to 'be pushed upwardly. In this fashion, 
main body 27 will be locked at the position illus- 
trated in Fig. 10; and the cam shaft can then be 
rotated in an opposite direction in order to lower 
lock piece 24 so as to release the lock piece, as 
illustrated in Fig. 9. 

At a location immediately above punch b of 
main body 27 of the lifting mechanism, a lifting 
piston assembly 7 is vertically installed. This lifting 
piston assembly comprises an upper lifting piston 
7a and a lowering piston 7b with a shaft 7c. each of 
pistons 7a and 7b being fitted into separate cyl- 
inders 28a and 28b. respectively. Compressed air 
is supplied to or discharged through a plurality of 
supply and discharge holes 29a and 29b which are 
in fluidic communication with both cylinders 28a 
and 28b. in order to respectively raise or lower 
lifting piston assembly 7. The cylinders can alter- 
natively be hydraulically actuated in a conventional 
fashion. 

Lifting piston assembly 7 is provided with a 
stop pin 30, which projects outwardly from the 
upper portion of cylinder 28a, with the extreme end 
of stop pin 30 abutting against adjusting screw 31, 
the screw being rotatable in order to adjust the 
lifting position of lifting piston 7. 

In turn, an internally threaded connecting fitting 
piece 32 is attached to the lower surface of de- 
scending piston 7b. as illustrated in Figs. 11 and 
12. Connecting fitting piece 32 is formed by bend- 
ing a steel plate into a substantially -shape, with 
a forked end 32a being formed at one extreme end 
of the fitting attachment; piece 32 is threadably 
attached to the lower surface of the same piston ' 
rod 7b. 

Within fixing hole 17, which is formed directly 
below the lifting piston rod 7b, a cylindrical bearing 
33 is positioned having a desired number of inject- 
ing holes 33a located on its circumferential surface. 
Simultaneousiy, an axial punch b is fitted within 
bearing 33 with a desired clearance being left 
between the outer punch surface and the inner 
bearing surface. Compressed air to be supplied 
from a compressor pump, not shown in the draw- 
ings, is supplied into clearance 35. within the cir- 
cumferential surface inside bearing 33. through air 



supply passage 34. 

Compressed air which is supplied to the clear- 
ance 35 is injected into the clearance between 
outer circumferential surface of punch b and the 
5 inner circumferential surface of bearing 33, through 
each of injection holes 33a, and is thereafter di- 
scharged from both ends of bearing 33. 

Thereafter, punch b is supported by a film of 
compressed air which is generated in the clearance 
w between the outer circumferential surface of the 
punch and the inner circumferential surface of 
bearing 33, and is supported in such a way that it 
can either be lifted or lowered. 

Punch b is constructed, as seen in Figs. 7 and 
is 8. so that a push cutting blade b 2 for punching out 
a target hole at the extreme end of the axial punch 
main body bi will be removably fit therein; further, 
a silicon rubber pusher member b 3 is fitted to 
cover the circumference of push cutting blade b 2 , 
20 and a fitting groove b* is formed at the circum- 
ferential surface of punch b, at the end opposite 
from the punching end. 

One end of a connector plate 36 is then remov- 
ably fitted to a rear (i.e., top) end of punch b, and, 
25 further, a guide shaft 37 is fitted to the other end of 
connector plate 36 in order to hold punch b and 
guide shaft 37 in a generally horizontally spaced 
condition. Guide shaft 37 is, in turn, fitted and 
inserted into a slide bearing 38 fitted to a side 
30 portion of fixing hole 17. In this fashion, punch b is 
guided by guide shaft 37, and is thereafter raised 
or lowered along the center of bearing 33. 

In order to connect the rear end of punch b, 
which is fitted within bearing 33, to the lower sur- 
35 face of lowering piston 7b, fitting groove bi at the 
rear end of punch b is fitted into and engaged 
within the forked end 32a of connecting fitting 
piece 32, which is threadably engaged with lower- 
ing piston 7b when the retracted lifting mechanism . 
40 g is being slid towards its attaching position. There- 
after, connecting fitting piece 32 is rotated along its 
fastening direction and is fastened until the end 
portion of punch b is pushed against the lowest 
surface of descending piston 7b. When punch b 
45 has a shape other than a round shape, it is con- 
nected while the angular position of the punch b. in 
its circumferential direction, is adjusted. When 
punch b is connected to lowering piston 7b, cam 
shaft 24 is rotated by tool (i) in order to lock lifting 
so mechanism g in its fixed position. During replace- 
ment or maintenance of punch b. the above-noted 
lock is released, and connecting fitting piece 32 is 
loosened. Thereafter, lifting mechanism g is re- 
tracted and punch b is pulled upwardly, as shown 
55 in Fig. 1 1 . 

Die b. corresponding to punch b, is fitted 
within die installation hole 19c of base plate 19a of 
holder 19, as illustrated in Fig. 7, in such a way 
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that it can b8 either fitted or removed from the 
hole. Tubular portion 19b of holder 19 is fitted into 
insertion hole 20, at the lower end of supporting 
rod 6, in order to fit die b' below punch b. The 
tubular portion 19b of holder 19 is formed so as to 
have a diameter which is slightly smaller than the 
diameter of the insertion hole, and is constructed 
so that it can be slid in its diametrical direction. In 
this fashion, holder 19 can be slid upwardly into a 
position in which the push cuttinq blade b2 of 
punch b is accurately fitted to die b' when punch- 
ing is effected. Holder 19 is positioned in a locked 
position against supporting member 6 by a locking 
mechanism h which is described hereinafter. 

Locking mechanism h is internally installed in a 
space formed at the lower side of supporting mem- 
ber 6. Two arm plates 39, 39 (of which one is 
shown in Fig. 8), are pivotably supported by a 
supporting shaft 40, with the extreme end of arm 
plates 39. 39 being mitered to a fine shape in order 
to form an engagement portion 39a; simultaneous- 
ly, cam portion 41a of cam shaft 41 is fitted to the 
rear ends of arm plates 39, 39, and both ends of 
cam shaft 41 are supported by the main body of 
supporting element 6. Engagement member 39a is 
inserted into the space between stopping threads 
42 and 42, which are threadably fitted to the lower 
end of tubular portion 19b of holder 19. Cam shaft 
41 is rotated in order to cause the engagement 
portion 39a to pull tubular member 19b downwar- 
dly, and base plate 19a is pushed against the 
tubular member around insertion hole 20 of sup- 
porting element 6. Consequently, the tubular mem- 
ber is locked against movement. 

When a die b' has a hole other than a round 
hole, and is attached to holder 19, the die is 
aligned in a position so as to adjust its circum- 
ferential, angular position; and, thereafter, it is 
locked. 

Rg. 5 illustrates a condition in which a punch- 
ing unit B, constructed as noted above, is mounted 
within base plate 5. Circuit board C, which is sub- 
jected to punching action, is then installed in holder 
frame 2 and held on die b'; the punching position 
is then set at a location directly below punch b. 

Thereafter, punch b is lowered, and the punch- 
ing hole of circuit board C is punched out with 
push cutter blade b2 of punch b. At such time, 
since circuit board C is pushed onto die b by 
pushing member b3, which is located at the ex- 
treme end of punch b, it will not vibrate when it is 
punched outwardly by push cutter blade b2. Ac- 
cordingly, a clear/clean hole can be punched out at 
an accurate position. 

The above-noted punching unit B facilitates 
attachment and removal of punches b and dies b . 
Simultaneously, punching unit B can itself be at- 
tached vertically on base table 5 of punching de- 



vice A and can be removed therefrom. In this 
fashion, replacement of each punching unit B with 
a new unit, or changing the position of the punch- 
ing unit, can be facilitated, and maintenance there- 
5 of can be smoothly achieved. 

Setting the position and adjusting the angle of 
dies b' can also be easily and accurately per- 
formed. 

The punching unit B can be used in conven- 
io tional types of punching devices as well as in the 
punching assembly of the present invention. 

It is clear from the above that other embodi- 
ments, features, modifications and objects of the 
present invention can be performed which are 
T5 equivalent to the present structure, and which will 
be within the scope of the claims in this applica- 
tion. 



20 Claims 

. A device for punching a thin plate-like work- 
piece, said device comprising a plurality of punch- 
ing units arranged in a side-by-side fashion on a 

2S working table, each of said punching units having a 
punch and a die of a predetermined shape, said 
device further comprising a moving assembly for 
movabiy supporting at least one frame which is 
adapted to hold said thin plate-like workpiece, said 

30 moving assembly comprising means for moving 
said frame in both X-axis and Y-axis directions 
along a surface of said working table, said device 
further comprising a control unit for inputting a 
punching position and punching shape data, and 

35 for controlling operation of said moving assembly 
and said punching units in response to said data, 
said control unit further comprising means for mov- 
ing a workpiece into desired punching positions 
below said punching units. 

40 2. A punching unit adapted for use in a punch- 
ing device having a lifting assembly, said lifting 
assembly including a movabiy positioned lifting 
piston attached to one side of a substantially =i - 
shaped supporting member, said supporting mem- 

45 ber comprising at least one attaching hole and a 
punch detachably fitted within each said attaching 
hole, said unit further comprising means for lifting 
and lowering said punch, said punch including a 
front end and a rear end, said punch rear end 

so being detachably connected to said lifting piston, 
said punching unit further comprising a die cor-, 
responding to each one of said punches, each of 
said dies being detachably positioned within a low- 
er portion of said supporting member. 

55 3. A punching device for punching at least one 
hole in a thin, substantially fiat workpiece. said 
punching device comprising: 
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(a) a substantially horizontal working table 
upon which a workpiece to be punched is adapted 
to be movably positioned; 

(b) at least one holder frame for movably 
holding said workpiece on an upper surface of said 5 
table; 

(c) a moving assembly for moving each said 
holder frame in both an X-axis direction and a Y- 
axis direction along ari upper surface of said table; 

(d) at least one punching unit for punching . ro 
holes in said workpiece, each said punching unit 
comprising a punch and a die; and 

(e) a control unit for inputting data repre- 
sentative of desired punching locations on said 
workpiece and of the shape of each punch to be 75 
made, said control unit comprising means for con- 
trolling the operation of said moving assembly and 

said punching unit in response to any data which is 
inputted. 

4. A punching device in accordance with claim 20 
3, wherein said control unit further comprises 
means for controlling movement of said assembly 

to position said workpiece at a plurality of predeter- 
mined positions which are to be punched, each 
punching unit comprising means for punching said as 
workpiece at each of said predetermined positions. 

5. A punching device in accordance with claim 
3 wherein said working table is substantially flat 
and is positioned in a horizontal fashion on a base 
table. 30 

6. A punching device in accordance with claim 
3, wherein said punching device includes a plurality 
of adjacent punching units aligned on said working 
table, each of said punching units having a punch 

and a die of a predetermined shape, wherein the 35 
punches of each of said punching units have dif- 
ferent shapes. 

7. A punching device in accordance with claim 

6, wherein each of said punching units comprises a 
generally =3 -shaped supporting member having an 40 
upper portion and a lower portion, with a punch 
being positioned in the upper portion of each said 
supporting member and a die being positioned in 

the lower portion of each said supporting member. 

8. A punching device in accordance with claim 45 

7, wherein the punches in said punching units are 
aligned in a substantially linear fashion. 

9. A punching device in accordance with claim 
3, each of said frames having a window, wherein 

said workpiece, when positioned in said holder 50 
frame, is visible through said window. 

10 A punching device in accordance with claim 
3, wherein each said frame includes at least one 
clamp for detachably retaining a workpiece within 
said frame. 5S 

11. A punching device in accordance with 
claim 3, wherein said moving assembly comprises 
a lateral feeding mechanism for moving each of 



said frames in a substantially X-axis direction along 
said upper table surface and a longitudinal feeding 
mechanism ' for supporting said lateral feeding 
mechanism and for moving said lateral feeding 
mechanism in a substantially Y-axis direction along 
said upper table surface, 

12. A punching device in accordance with 
claim 11, wherein said lateral feeding table in- 
cludes a threaded rotatable screw which is driven 
by a first motor, said screw being positioned within 
a threaded aperture in a clamping member which 
engages said frame. 

13. A punching device in accordance with 
claim 12, wherein said longitudinal feeding mecha- 
nism comprises a threaded screw which is driven 
by a second motor, and a plurality of clamps which 
engage an outer surface of said lateral feeding 
mechanism. 

14. A punching device in accordance with 
claim 13, wherein both of said motors are con- 
trolled by said control unit, said control unit com- 
prising a microprocessor. 

15. A punching device in accordance with 
claim 3 further comprising a microscope aligned 
with, and offset from, each said punching unit, said 
microscope comprising means for determining po- 
sitions on said workpiece which are to be punched. 

16. A method of punching a plurality of holes in 
desired positions on a workpiece, each of said 
holes having a desired shape, said method com- 
prising: 

(a) inputting data into a control unit, said 
data relating^ to a plurality of desired positions at 
which said holes are to be punched, and the 
shapes of said holes to be punched; 

(b) sequentially moving said workpiece to 
said plurality of desired positions; and 

(c) punching a hole, at each of the desired 
workpiece positions, each said hole having a shape 
which has been input into said control unit. 

17. A method in accordance with claim 16, 
further comprising determining said punching posi- 
tions to be input by moving said workpiece along 
both X-axis and Y-axis directions of a horizontal 
surface and causing each of said plurality of de- 
sired punching positions to be inputted into said 
control unit when each said punching position is 
sequentially aligned with a viewing instrument 

18. A method in accordance with claim 17, 
wherein each of said punching positions is sequen- 
tially aligned with a center of a microscope. 

19. A method in accordance with claim 16, 
further comprising precisely positioning said work- 
piece within a moveable holder frame. 



10 



19 



0 287 986 



20 



20. A method in accordance with claim 16 
wherein said holes are punched by sequentially 
moving said workpiece to desired punching posi- 
tions, and punching a shaped-hole with a shaped 
punch at each of said positions. 

21. A punching unit adapted to be used with a 
punching device for punching a plurality of holes of 
predetermined shapes in a workpiece, said punch- 
ing unit comprising: , 

(a) a generally n -shaped support member 
having an upper surface and a lower surface; 

(b) a punch lifting assembly detachably posi- 
tioned on said upper surface of said support mem- 
ber; 

(c) a punch of a predetermined shape mov- 
ably positioned within an attachment hole in an 
upper portion of said support member, said punch 
having a front end and a rear end; 

(d) means for detachably connecting said 
rear end of said punch to said lifting assembly; and 

(e) a die having a shape complementary to 
said punch shape, said die being removably posi- 
tioned within a lower portion of said support mem- 
ber. 

22. A punching unit in accordance with claim 

21 , wherein said support member comprises a 
steel plate having a predetermined thickness. 

23. A punching unit in accordance with claim 

22, further comprising a dovetail-shaped fastening 
member positioned on an upper surface of said 
support member, said fastening member being fit- 
ted within a groove on a lower surface of said lifting 
assembly. 

24. A punching unit in accordance with claim 
21, said supporting member further comprising a 
substantially longitudinal bore, said punching unit 
further comprising a cam shaft fitted within said 
longitudinal bore and a locking element movably 
positioned in said bore, said locking element being 
moveable into a locked position in which it pro- 
trudes through an opening in said fastening mem- 
ber and extends into said groove. 

25. A punching unit in accordance with claim 
21, wherein said punch lifting assembly includes a 
punch lifting piston assembly which is connected to 
said upper surface of said support member and 
which comprises means for raising and lowering 
said punch within said attachment hole. 

26. A punching unit in accordance with claim 

25, said lifting piston assembly comprising a lifting 
piston, a lowering piston, and a shaft connecting 
said two pistons each of said pistons being fitted 
into a separate cylinder. 

27. A punching unit in accordance with claim 

26. further comprising means for selectively sup- 
plying compressed air to, and removing com- 
pressed air from, said cylinders. 



28. A punching unit in accordance with claim 

27. wherein said attachment hole has a substan- 
tially cylindrical bearing fitted therein, and wherein 
said punch is fitted within said bearing such that a 

5 predetermined clearance is located between said 
punch and said bearing. 

29. A punching unit in accordance with claim 

28, further comprising means for supplying com- 
pressed air to said clearance. 

to 30. A punching unit in accordance with claim 
25, further comprising a connector plate attached 
to said rear end of said punch, and a guide shaft 
positioned in a bore in said supporting member, 
said guide shaft having one end engaged by said 

/5 connector plate, said connector plate thereby com- 
prising means for maintaining said punch and said 
guide shaft in a substantially horizontally spaced 
position. 

31. A punching unit in accordance with claim 
20 21. further comprising a locking mechanism for 

maintaining said die within a bore in said lower 
portion of said support member. 

32. A punching unit in accordance with claim 
31 . wherein said locking mechanism comprises two 

25 arm plates pivotably supported by a support shaft 
which detachably supports said die. each of said 
arm plates having a first end which is adapted to 
engage a rotatable cam shaft. 

30 
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